To observe advantages and disadvantages of the resection of intramedullary spinal cord tumor under awake anesthesia. Methods: Two patients with intramedullary spinal cord tumor underwent resection under awake anesthesia and followed up post-operatibely for any motor deficits. Results: Patients who underwent tumor resection under awake (AAA) anesthesia combined with intraoperative NPM had no motor deficits postoperatively. More accurate and nondelayed responses were observed in the awake cycle of anesthesia and helped guide surgery, thus avoiding injuries to the spinal cord. Conclusion: Intramedullary spinal cord tumors are not common, but only gross total resection (GTR) can provide complete remission of symptoms and progression-free survival. However, GTR sometimes results in motor function deficits postoperatively, particularly when the cervical cord is involved, and especially if surgery is done under general anesthesia with intraoperative neurophysiological monitoring (NPM) alone, because of delayed sensory evoked potential and motor evoked potential responses. We present two cases that underwent GTR of cervical intramedullary spinal cord tumors under an asleep-awake-asleep (AAA) cycle of anesthesia, combined with intraoperative NPM in which no post-operative motor deficits were observed on 6-months follow up.
Introduction
Most intramedullary spinal tumors are benign, comprising approximately 2%-4% of all central nervous system neoplasms [1] . Ependymoma is the most common tumor type in adults, accounting for 40%-60% of all intramedullary spinal tumors, with a mean age of 35-40 years at presentation. Astrocytoma is the most common type in children, accounting for approximately 60% of all intramedullary spinal tumors in this population, with a mean age at presentation of 5-10 years. Most spinal astrocytomas are low grade (WHO grade Ⅱ) and less aggressive than astrocytomas in the brain, but those malignant also exist. Pain and neurologic defects associated with these tumors are due to invasion of spinal cord parenchyma and nerve fiber stretching.
Intramedullary tumors can arise from any segment of the spinal cord, from the cervicomedullary junction to the filum terminale. The cervical cord is the most common location, probably due to the abundance of neural tissue in this segment as compared to the thoracic or lumbar segments. Irrespective of the histology, surgical resection of tumors in the cervical cord is very risky and complicated. Consequently, surgical removal is only recommended when the tumor borders are clearly demarcated [2] [3] [4] .
Complete surgical resection without damage to functional tissue is usually not possible because of the infiltrative nature of these tumors. On the other hand, increased overall survival is reported in patients with spinal cord astrocytomas who underwent grosstotal resection (GTR) [5] . Several recent reports have also shown the impact of maximal resection on overall survival and progression-free survival in patients with spinal cord tumors. If GTR is considered safe after evaluating all relevant factors, complete surgical resection is the primary treatment goal [6, 7] in patients with malignant spinal cord tumors (intramedullary) [8, 9] .
Cases description

Case 1
A 46-year-old male presented with a 4-year history of upper and lower limb numbness and weakness (motor strength 4/5 and 2/5 in upper and lower limbs, respectively). Symptoms worsened 30 days before consulting our facility. Magnetic resonance imaging (MRI) of the spinal cord showed an intramedullary mass at C5-C6. Surgical resection under awake anesthesia was recommended; the patient received detailed information regarding the procedure and possible risks, and informed consent was obtained. He remained intubated and his motor speech function was not monitored, because the language center was not involved in surgery. The patient followed commands and performed all upper and lower limb movements as instructed. Sensory functions were not fully assessed; instead, minimal monitoring was performed with sensory stimulation of his hands and feet, with instruction to raise his thumb if he perceived sensation. GTR of the tumor was performed under awake (AAA) anesthesia with neurophysiological monitoring (NPM). Intraoperative frozen section confirmed the diagnosis of diffuse spinal cord astrocytoma. Symptoms completely resolved postoperatively, and no motor deficits were observed; however, there was minimal numbness in the finger tips. 
Case 2
A 35-year-old male presented with the chief complaint of pain in the neck and back for 6 months. There was no weakness or numbness in the upper and lower limbs. MRI of the spine revealed an intramedullary mass at C5-T1. We advised resection. Because of cervical cord involvement, he underwent GTR under awake anesthesia (AAA), after providing informed consent. Intraoperatively, he was instructed to move his upper and lower limbs during the awake cycle of AAA. He was also not extubated during the awake cycle. All commands were followed. As the language center was not in the surgical field, no speech assessment was required. Sensory functions were also minimally assessed by lightly touching the upper and lower limbs and then asking the patient to raise his thumb if he perceived sensation. Frozen section confirmed the diagnosis of ependymoma, and GTR was performed successfully. His symptoms were completely relieved, and no motor deficits were observed at 3 and 6 months of follow up.
Preoperative and postoperative MR images of Case 2 are shown in Figure 3 and 
Discussion
Awake resection of spinal cord tumors can be carried out safely using asleep-awake-asleep (AAA) anesthesia technique; however, the surgeon, anesthesiologist, and neurophysiologist must have sufficient training and experience. Care must be taken in choosing anesthetic agents, and patient selection should be made after careful history taking and examination to rule out any contraindication to awake anesthesia. The anesthetics and doses used in our procedures are shown in Table 1 .
Awake craniotomies for resection of tumors are often performed to protect the brain's eloquent areas, particularly those responsible for language and motor skills, from intraoperative damage [10] [11] [12] . The direct and rapid feedback obtained by talking to the patient and observing both motor and language functions provides more effective monitoring than that obtained using only evoked potentials. Intraoperative brain mapping using bipolar stimulation further enhances feedback, and allows surgeons to definitively identify the eloquent regions [13] . When a language or motor deficit occurs during awake craniotomy, lesion resection can be modified immediately. Additionally, awake craniotomies can potentially reduce resource utilization, and can result in shorter intensive care unit and hospital stays. [14] Traditionally, intramedullary spinal tumor resection is performed under general anesthesia with NPM; however, intraoperative NPM sometimes does not provide accurate information, and the responses are sometimes delayed [4] . Generally, surgical resection of these tumors is very challenging, even with intensive intraoperative NPM, because of a significant risk of transient or permanent neurological deterioration [15] [16] [17] [18] [19] . Studies have reported worsening of preexisting neurological impairment or new neurological deficits, or both, in up to 64% of cases, after surgical resection of intrinsic spinal cord tumors [15, [20] [21] [22] [23] .
Moreover, aggressive resection of a tumor requires histological diagnosis of a frozen section and the ability to find and maintain a surgical plane. Patients may have cysts or syringomyelia at both ends of an intramedullary spinal tumor, which can provide a clear plane for safe resection. Because of the difficulty in distinguishing many ependymomas from astrocytomas on frozen section, the presence or absence of a clear surgical plane is the key determining factor in defining the surgical goal. After analysis of all available data including intraoperative appearance, frozen section, and imaging features, if the likely diagnosis is ependymoma, complete surgical resection should be performed, if possible. If a diagnosis of astrocytoma is likely, most experts favor limited debulking of only the tissue that is clearly abnormal. Partial or subtotal resection can be performed for soft tumors, while GTR is suggested for solid tumors with clear borders [20, 24] .
Safe GTR of an intramedullary tumor without causing neurological deficits is the goal of surgery. GTR will not only relieve the symptoms, but will also reduce the likelihood of recurrence. Surgery on the spinal cord can cause serious postoperative complications. Permanent neurological deficits can occur, even if the spinal cord is mildly compressed or stretched. Other than direct surgical injuries, the complications may include ischemia and edema of the cord. Careful selection of potential candidates for this procedure is vital. Contraindications to awake craniotomy include inability to cooperate, dysphasia, language barriers, emotional lability, cognitive impairment, age < 11 years old, low occipital tumors, and tumors with significant dural attachment. The same criteria can be applied to awake procedures on the spinal cord.
To reduce intraoperative iatrogenic injuries, combined sensory evoked potential (SEP) and motor evoked potential (MEP) monitoring is a safe, sensitive, and reliable method for detection of injury to the spinal cord. Sensory and motor pathways can be independently assessed during surgery, the number of false negatives is reduced to zero, and there is probably a positive influence on the final postoperative outcome. Routine combined use of SEPs and MEPs is advisable during complex spine/spinal cord surgery, and the combined use of epidural and muscle MEPs is probably the best way to assess motor pathways during spinal cord surgery.
Identification of an abnormality on SEP and MEP is critical during surgery involving the spinal cord. A 50% drop in cortical SEP amplitude, regardless of whether it is associated with an increase in latency, is a universally accepted warning sign. Conversely, different warning signs for MEPs have been proposed, ranging from changes in the thresholds that elicit muscle MEPs to the pure presence or absence of responses, amplitude variation, or a combination of changes in threshold and amplitude variation.
Despite the advantages of intraoperative NPM, there are also limitations that can interfere with intraoperative identification of neurological deficits. Although there is no evidence to support the failure of MEPs to detect deficits, delayed responses have been reported, and the accuracy of responses has also been questioned [4] . Furthermore, one study [25] reported that transcranial MEPs recorded from the lower extremities can fail to provide rapid detection of spinal cord ischemia at the upper thoracic level during surgery on the descending thoracic aorta. Spinal cord and aortic surgeries are quite different, but there is strong evidence supporting the possibility of delayed responses with NPM. These delayed and less accurate responses will not alert the surgeon to injury of important neurological structures. Accordingly, we performed resection of intramedullary cervical spinal tumors under awake anesthesia (AAA), in order to obtain more detailed and accurate intraoperative information about general and motor neurological function. Awake craniotomy performed while approaching lesions in the eloquent areas of the brain has resulted in reduced postoperative neurological functional deficits. Similarly, we believe that procedures involving the spinal cord-particularly the resection of intramedullary spinal cord tumors-can also successfully be performed after careful selection of patients. Thus, we suggest that the best strategy for resection of an intramedullary spinal cord tumor will be to combine NPM (MEP and SEP monitoring) with awake anesthesia, to make spinal cord tumor resection even safer, with decreased postoperative motor deficits and reduced morbidity. 
